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The culture of the scallop, Patinopecten (Mizuhopecten) yessoensis (JAY) in 
Mutsu Bay has steadily developed during the past several years.1) Yet there still 
remain many problems to be solved related to the culture of this shellfish. 
One of the most important problems is in the fust the development of 
techniques for the natural seed collection, in order to maintain a stable seed 
supply. Next is the management in order to obtain maximum production levels in 
bottom and hanging culture. 
Recent advances on the natural seed collection of the scallop in lVIutsu Bay 
are sho\vn in Table l. Natural seed collection has developed dramatically since 
1964 when the fust fishermen placed their collectors in onion baskets. 
The amount of spats by natural collection has varied considerably over the 
past nine years ranging from about 3 million spats in 1966 to over 197.5 billion 
spats in 1974, or from 201 to 44,907 spats per collector. 
The yield of this bivalve was not so much as the increase of amount of the seed 
used for culture. This phenomenon are supposed to due to unfitting use for the 
culture ground, culturing in over population and prevalence of some pests. 
The staffs of Aquaculture Center, Aomori Prefecture have been studying 
these problems for many years, and this report is dealt with some of the results 
obtained about the problems. 
The authors are indebted to Dr. Gotaro Yamamoto of Ocean Research In-
stitute, University of Tokyo and Mr. Bunrhii Tsubata, Director of Aquaculture 
Center, Aomori Prefecture for the much helpful advices and criticisms throughout 
the studies, and to !VIr. William N. Shaw of Office of Sea Grant, Department of 
Commerce, U.S.A. and !VIr. Reginald B. Gillmor, Hiroshima University for the 
great help in translation to English this manuscript. 
1) Details about the methods and equipments used for SC'lllop culture in Mutsu B~y were 
reported in "Thorough maricultnre in sha.llow waters" edited by T. Im~i (1971) and 
"Recent advances in scallop culture in J\Iutsu Bay" by B. Tsubata., S. Ito and H. 
K•nno (1973). 
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Table 1 
Outlook of natural seed collection and the yield of scallops in 1\futsu Bay 
. 
Number of long lines used for 101 228 683 1,000 2, O!l9 2, 067 2, l!l4 2,761 2,834 
spat collection 
Number of collectors (X 10') 3 10 30 58 151 249 206 302 378 
Number of spat per collector 201 1, 012 2, 089 405 10, 124 10,732 31,023 616 !l!l,907 
Total number of spat (X 10') 3 176 893 229 15,725 38,283 58,024 1,480 197,573 
Total number of spat used( X 106) 1 75 352 85 1, 594 2, 087 931 124 
--------
Utilization Bottom culture (X 10
6 ) 52 324 !50* 1,197 1,531 469 0 
of the seed Hanging culture (X 10
6) 2 23 27 78 132 288 321* 
fore sale ( x lQO) 4 17 31 88 165 122 
-----------
Yield of scu.llops (with (metric) 11,770 8,621 24,003 34,042 shell) ton 715 1,781 !, 12515, 936 
* includes seed which ·were bought from HokkaidO H. Kanno et al. (unpublished) 
SOl-IE TECHNIQUES USED TO FOREOAS'r NA'rURAL SEED COLLEC'riON 
I. Forecasting suitable time to collect seed scallops 
1. Forecast based on the size composition of the swimming la,-vae 
Figure 1 shmvs the number of swimming larvae found every five days from 
April 16 to May 7, 1968 off Okunai in Mutsu Bay and the number of spat attached 
to testing collectors which were also set out every five days during that period 
and retrieved on May 22, 1968. 
-. 
The greatest number of spat were found on the collector set at April 25. Fewer 
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Fig. 1. Number of swimming 
larvae found every five days 
off Okunai in Mutsu Bay in 
1968 and the number of spat 
attached to the test collectors 
set out at those same times 
and in the same place. 
Arrows show the approximate 
growth curves of the larvae. 
H. Kanno (1970) 
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spat were found on collectors set in the water before or after the date. 
This demonstrates the importance of correct timing of setting out the collector 
in order to obtain the maximum number of seed scallops . 
The available period for setting the collector occurred just after the time when 
over 50% of the larvae had attained a shell length of 200 f.' or more. 
2. Forecast based on the gonadal index of mature scallops and the percentage of 
scallops that can be induced to spawn with thermal stinndation 
The gonadal index (weight of gonad/ weight of soft part X 100) increases 
gradually during December and reaches a peak just prior to spawning. Following 
spawning, the gonadal index declines. 
The percentage of scallops induced to spawn with thermal stimulation increases 
with the rise in the gonadal index (Figure 2). 
Swimming larvae settle on the substrate about one month after spawning in 
the bay, therefore, the suitable period for setting out the collectors can be 
determined by following the gonadal index. 
·Fig. 2. Seasonal changes of the percentage of 
scallops induced to spawn with thermal 
stimulation and gonadal index in 1970. 
Scallops were taken from the bottom off 





















Figure 3 shows the cumulative water temperature (over 4°0) observed every 
day at 9 :00 A.M. in the surface water at the coast of Moura in iVIutsu Bay and its 
relationship to the spawning season of the scallop. Generally the spawing of 
the scallop begins when the cumulative water temperature reaches 10-20°0-day. 
Based on these phenomena, we can forecast one month in advance the proper 
time to set out the seed collectors by examining the cumulative water temperature. 
4. Fm·ecast based on the blooming of the chen·y tree 
It has been observed that there is a relationship between the setting season 
of the scallop and the blooming of the cherry tree in Gappo Park, Aomori City 
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Fig. 3. Cumulative water temperature {over 4°C) in the surface water on the coast of 
Moura in Mutsu Bay and its relationship to the spawning and setting period of the 
scallop. H. Kanno et a!. (1974) 
(Figure 3). 
The Meteorological Department of Japan usually makes its forecast of the 
blooming season in Gappo Park at the end of iVIarch every year. 
We can predict about one month in advance the approximate time to place 
out the seed collectors from tltis cherry blooming forecast. 
II. Forecasting the intensity of scallop setting 
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Fig. 4. Relationship between the number of 
spat per collector and the occurrence of 
swimming larvae over 200p in shell length 
at the time when they represent over 50% 
of the total number of larvae observed. 
H. Kanno et a!. (1073) 
Usually the number of scallop 
spat per collector does not always 
run parallel with the density of 
swimming scallop larvae, because 
the distribution of larvae is not 
homogeneous and they are always 
drifting with the tide and culTent 
of the sea water in the bay. 
However, taking into considera-
tion the larvae over 200 p in shell 
length some correlation with abun-
dance can be found between the 
two items. Figure 4 shows the rela-
tionship between the number of spat 
per collector and the density of 
swimming larvae over 200 p in shell 
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Fig. 5. Seasonal changes in surface water temperature measured daily at 9: 00 A.M. on 
the coast of Mourn, and the mean number of spat per collector from 1968 to 1974. 
S. Ito et al. (unpublished) 
length at a time when they represent over 50% of the total number of larvae 
observed. Although there is a good colTelation as shown by the curve in Figure 4. 
2. Forecast based on seasonal changes <n water temperatu1·e 
Seasonal changes in surface water 
temperature measured daily at 9 :00 
A.iVI. at the coast of iVIoura and the 
mean number of spat per collector from 
1968 to 1974 are shown in Figure 5. 
There appears to be a correlation bet-
ween the abundance of spat per collector 
and duration of the term which the water 
temperature remains within some degree 
during the winter season. 
In other words, the longer the term 
which the temperature remains within 
the ll-8"0 range prior to March 31, 
the greater the spatfall on the collectors 
(Figure 6). 
Also, as shmvn m Figure 7 and 81 
the water temperature during winter is 
lower in eastern area of the bay and the 
gonadal index of the scallop in that 
area is higher. 
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Fig. 6. Relationship between the length 
of time that the surface water tern-
perature observed at l\'loura remains 
within the 12-7°C range prior to 
1\Iarch 31 and the amount of spatfall. 
S. Ito et a!. (unpublished) 
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Fig. 7. Isothermal pattern at a depth of 20m during March 5-7, 1974 in Mutsu Bay. 




Fig. 8. Distribution of the gonadal index of scallops cultured by the hanging method 
measured at the end of February, 1974. K. Takahashi et al. (unpublished) 
Based on these findings, it can be said that an early decline in water tem-
perature contributes to good gonadal development in the scallop, in turn this 
results in an available spawning which produces high levels of spat attachment. 
A special bouy-telemetering system was built in Mutsu Bay in this year, in 
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order to provide more enough data in water temperature etc. In near future it may 
be possible to forecast with much reliability the intensity of spatfall at as early as 
the midwinter. 
III. Regions suitable for spat collection 
Figure 9 shows the seasonal distribution of scallop larvae (Figure 9-1 to 9-3) 
and the number of spat per collector (Figure 9-4) in Mutsu Bay in 1972. Initially 
scallop larvae appear to be distributed in every region of the bay. Later the 
density becomes to decrease in the western area of the bay and increase gradually 
in the eastern. Finally, the majority of swimming larvae are in the eastern area 
where the greatest amount of setting occurs. 
The pattern of water movements in iVIutsu Bay during the swi>nming period of 
the larvae is inferred based on water temperature and chlorinity recordings. It is 
possible to find a relationship between the movement of water masses and the 
tin1e sequences of distribution of scallop larvae. Further investigations on such 
phenomenon might contribute valuable information for the efficient placement of 
spat collectors. 
Fig. 9. Occurrence of swimming 
larvae over 200 tt and attached 
spat per collector in 1972. H. 
Kanno et al. (1974) 
1. Dictrib11tion of nwimrnine; 
lnrvo.e {X 101 I e1') in 
April 5 - 6. 
;,. Jiotribution oi' llli'im~:~ins 
lo.rvo.e ( X10"I !ll 1) in 
;.o.y 4 - 6. 
1IANAGBMEN'r FOR SCALLOP CULTURE 
I. Suitable grounds for bottom cultu1"e 
2. Diutribution oi' Gli'imllling 
lnrvo.e ( x 10' 1 m') in 
Aprn 13 - 20. 
lf. Distribution oi' nttn<:hcd 
npnt (X10~I collector ) 
in Jun~ 29 - July 12. 
Nishioka and Yamamoto (1943) studied the natural distribution of the scallop 
in relation to the characteristics of the bottom sediments in iVIutsu Bay. They 
found no scallops in areas where over 30% of the bottom sediments were mud 
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(particles under 100 I' in diameter). 
Yamamoto (1950) studied the benthic communities in iVIutsu Bay. He found 
four communities in the bay and that the scallop as an important member of the 
4th-community occupied the coastal area. The author recommended that seed 
scallops for bottom culture be transplanted only in this community area. 
Recently Takahashi et al. (1973) reexamined the benthic conununities in the 
bay. Their findings were very similar to those previously reported except in areas 
of pollution, for example in the vicinity off Aomori City (Figure 12). 
Takahashi et al. (1972, '73) observed considerable damage among transplanted 
scallops caused by a shell-boring polychaete, Polydora ciliata (Johnston) in areas 
where over 30% of the bottom sediments were under 126 I" in diamater even 
though in the area of the so-called 4th-community. 
It should also be noted that shallow areas less than a few meters in depth 
are not suitable for scallop culture, and further, that due to fishery rights, areas 
available for bottom culture are restricted to those lying within 3-5 Km from 
shore (Figure 10). 
Based on these considerations, suitable grounds for bottom culture must 
satisfy the following four conditions; 1) the area must belong to the 4th-community 
area; 2) the mud content of the sediments must not be over 30%; 3) water depth 
must be greater than a few meters; and 4) the area must be one permitted for bottom 
culture according to fishery rights. 
Following the above criteria, there are approximately 25,000 hectares of 
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Fig. 10. Arens suitable for bottom culture of the scallop in :Mutsu Bay. 
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Fig. 11. Relationship between initia.l density of the seed scnJlop planted for bottom 
culture a.nd the mean individual weight of the scallop after 5 months (0), 1 year 
and 5 months (0) and 2 years and 5 months (01), respectively in every location in 
Mutsu Bay. H. Kanno et al. (1974) 
II. Optimum density for bottom culttwe 
Figure 11 shows the relationship between the densities of planted seed 
scallops and their individual weights after 5 months, 1 year and 5 months, and 2 
years and 5 months. It may be seen that the growth of the scallop is slower with 
increasing density. 
In Mutsu Bay, scallops are harvested from 2.5-3.5 years after being planted. 
It is desirable that the majority of scallops at least reach the commercial size 
"S"l) by the time of harvest. To obtain this size in the desired time, scallops 
should be planted at a density approaching 5 individuals per square meter. 
Yamamoto (1973) has been studied on the productivity of scallops in bottom 
and estimated the available density is about 5-6 individuals per square meter. 
III. Areas suitable for hanging cultu?'e 
In recent years the submerged type of long line has been the preferred method 
1) According to the practice of the fisheries co-operative association, the scallop are 
classified into the following three size; 1) S=Small --- 50-60 individuals per 10 l\:g 
together with shell; 2) M=l\'Iedium--- 40-50; 3) L=La1·ge-- -less than 30. 
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Fig. 12. Individual meat weight (g) of scallops cultured by the hanging method. 
*measured in 1968, otherwise measured in 1973-'74. K. Ta1mhashi et al. (unpublished) 
for culturing scallops in :iYlutsu Bay. This type of culture, because of its resistance 
to strong wave action due to the placement of most ropes and buoys below the 
surface, can be conducted throughout :iYlutsu Bay. 
However, based on fishery rights, the actual area available for hanging culture 
is limited to about 4-7 Km from shore (Figure 12). 
The mean individual meat weights of scallops cultured in the different areas 
of :iYlutsu Bay is shown in Figure 12. 
During the 1973-'74 season, the individual' meat weight for scallops grown in 
western area of the bay was 55 g, in comparison with 50 g for those grown in 
eastern area. In 1968 the meat weight for scallops grown in western area ranged 
from 65-75 g. This weight is considerably higher than that fonnd today. It may 
be speculated that the reduced weight of individual scallops harvested during 
1973-'74 season is a consequence of the increased densities of scallops cultured m 
these waters. 
IV. Optimurn density for hanging culture 
In :iYiutsu Bay, round baskets with ten separate compartments are usually 
used for suspension culture of the scallop from the submerged long line. 
The relationship between the density of scallops placed in these compartments 
and their growth is shown in Figure 13. 
It is apparent that as the density of scallops increases, growth rate decreases. 
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Fig. 13. Relationship between the 
number of scallops per compart-
ment of round basket and the 
individual meat weight after about 
1 year of suspension in Mutsu Bay. 
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Fig. 14. l~elationship between 
number of seed cultured in 
il'lutsu Bay and the resulting 
yield. 
Encircled numbers indicate 
the years the seed were col-
lected. S. Ito et al. (unpub-
blished) 
Based on these results, the optinmm density for scallops is about 15 individuals 
per compartment. 
The relationship between the density of long lines and the growth of scallops 
has not yet precisely been determined. 
V. Maxirnurn productivity of scallops in Mutsu Bay 
Several methods are considered to estimate the maxmmm productivity of 
scallops in the entire area of Mutsu Bay. These methods, however, are much 
difficult to put into practice. 
Figure 14 shows the relationship between the number of seed scallops cultured 
each year and the resulting yields. 
Based on this data, it would appear that the maximum production in Mutsu 
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Bay is approximately 50-60 thousand metric tons, or about 800-900 million 
individuals. Production in future years may be even greater than the above 
figure, because the rate of hanging culture is increasing compared to bottom 
culture. The maximum production of the scallop can perhaps be estimated from 
primary production and particulate organic matters. Studies along these lines 
will be initiated this year. 
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